serving endocytic and exocytic functions (de Duve 1963) . Thus primary alterations to the membrane system may under some circumstances be revealed as lysosomal effects, which may be regarded as indicators of the underlying events. Although this cannot yet be discussed in molecular terms, substantial contributions to this field may weU come from a study of lysosomal changes in a variety of biological phenomena. Dumonde Lond. 192, 1302 Forrester J A, Dumonde D C & Ambrose E J (1965) Immunology 8, 37 Franzl R E (1962) Nature, Lond. 195, 457 Golub E S & Spitznagel J K (1965)J. Immunol. 95, 1060 Green H & Goldberg B (1960) Ann. N. Y. Acad. Sci. 87, 352 Heberman R & Stetson C A (1965)J. exp. Med. 121, 533 Hellstrom K E, Hellstrom I & Haughton G (1965) Science 149, 82 Hers H G (1964) The notion that hydrolytic enzymes from lysosomes might be implicated in arthritis originates from the experiments of Fell and her colleagues. Fell & Thomas (1960) suggested that the loss of matrix from cartilage of rabbits given excess vitamin A might be the result of activation of a proteolytic enzyme or enzymes with properties similar to papain. To the subsequent research at the Strangeways Laboratory we owe the concept that excess vitamin A increases the permeability of the lysosomes in chondrocytes, thereby releasing hydrolytic enzymes into the surrounding matrix; one of these is a cathepsin which splits the protein-chondroitin sulphate complex. Dingle (1962) has emphasized that in embryonic rudiments cultured in excess vitamin A, there need be no cell necrosis even though intracellular enzymes are causing degradation of extracellular material.
The softening of cartilage by vitamin A, like that produced by intravenous papain, is generalized and of short duration. There may be interference with epiphyseal growth, but the joints do not simulate any form of human arthritis. Nevertheless the discovery that chondrocytes contain a cathepsin capable of degrading the matrix, and the collateral discovery that polymorphonuclear leucocytes, macrophages and synovial tissue also have lysosomes containing cathepsins, have given a new impetus to our efforts to unravel the biochemical changes involved in arthritis.
Suppurative Arthritis
The most rapid and extensive destruction of cartilage occurs in suppurative arthritis caused by staphylococcal or streptococcal infection. There is sometimes a total loss of cartilage over the areas of maximum pressure, exposing the underlining bone. The digestion of the cartilage in such cases has long been attributed to proteolytic enzymes in the pus (Phemister 1924) .
Rather surprisingly it is difficult to produce anything like this in experimental animals. Curtiss & Klein (1965) have recently injected up to 2-5 ml of staphylococcal culture three times into the knee-joints of dogs without producing gross visible cartilage destruction, though there was loss of chondroitin sulphate from articular cartilage. They had previously shown (Curtiss & Klein 1963 ) that staphylococcal pus from joint infections did not produce any gross destruction of cartilage when they were incubated together at 37°C, though disintegration occurred at 55°C. This suggests that denaturation of the protein was necessary before the enzymes in the pus were effective. Human and dog leucocytes are rich in leucoprotease (Gans 1964). Arthritis Produced by Streptolysin S Most pathogenic strains of streptococci and staphylococci produce hmmolysins which release lysosomal enzymes from large granule fractions of rabbit liver cells. Weissmann et al. (1965) injected one of these toxins, streptolysin S (SLS), into rabbit knee-joints and my colleague, Dr Cook, has injected the knees of rabbits and goats with a similar preparation of SLS (Cook & Fincham 1966) . The SLS preparation evoked no antibodies detectable by gel diffusion against the rabbits' sera; one might expect that if this toxin had any effect, it might cause a generalized thinning of the cartilage by releasing protease from the chondrocytes, and that if there was any damage, this would be lessened by chloroquine, a stabilizer of lysosomes. The results described by Weissmann et al. and by Cook are most surprising. Up to three weekly injections produced a transient inflammation lasting no more than seventy-two hours. There was no matrix depletion of the cartilage. Animals receiving four or more injections of SLS developed a chronic arthritis of a rheumatoid type. Their joints showed enlarged synovia with villous hypertrophy, pannus formation and destruction ofcartilage under the pannus. Central areas of cartilage not invaded by pannus remained normal. Chloroquine, far from mitigating the arthritis, appeared to enhance it.
A striking feature of the histology of the synovia of rabbits and goats given weekly SLS is that, from the second injection onwards, there is a progressive increase in lymphocytes in the synovia and lymphoid follicles become more and more frequent. Coincident with this infiltration by lymphocytes is a progressive increase in fibrin, both in the stratum synoviale and on the joint surfaces.
This accumulation of fibrin appears to be more marked in the animals which have received chloroquine with SLS, and the destruction of cartilage follows a similar pattern.
Fibrin accumulates at the junction of the synovial membrane and the articular cartilage and this is where we find the pannus. It appears to me that in all three forms of experimental arthritis we have produced in animalsby SLS, by the injection of fibrin particles in fibrin-sensitized animals and by injection of heat-killed tubercle bacillipannus shows this feature of an invasion of pre-existing fibrin by cells from the synovium, and that the erosion of adjacent cartilage is the consequence.
Fibrin elsewherelying on the synovial surface or caught between the villiis usually organized; cells grow over its surface and polymorphs invade it.
Barland et al. (1964) have reported that in early rheumatoid arthritis pannus is made up of synovial membrane lining cells, capillaries and fibroblasts, overlying part of the cartilage matrix. They showed that these synovial lining cells, including those in the pannus, have lysosomes which contain phagocytosed material in various stages of digestion, and which, these authors suggest, leak the enzymes which degrade the protein-polysaccharide of the matrix. I suggest that this phagocytosed material is fibrin. Riddle et al. (1964) have reported that polymorph leucocytes in the synovial fluids from rheumatoid patients sometimes contain fibrin which they do not appear to be able to digest.
Fibrin in Arthritis Joints I am placing great emphasis on fibrin because I believe that its persistence on joint surfaces is indicative of the failure of an important physiological mechanism, and that it is the initiator of pannus formation and subsequent fibrosis in rheumatoid and tuberculous arthritis. It may also be the antigen in an autoimmune reaction (Dumonde & Glynn 1962) .
Normal joints remain free of fibrin in spite of repeated trauma; normal synovial fluid is free from all recognized factors in the blood clotting system including fibrinogen, prothrombin, thrombin, Factor VII, accelerator globulin and thromboplastin (Curtiss 1964) . Synovial membrane and cartilage contain activator of plasminogen. Whenever fibrinogen enters the synovial fluid, plasminogen moves in with it. Fibrinogenolysis rather than fibrinolysis appears to be normal (Harrold 1961) .
The activator of plasminogen is a lysosomal constituent and phagocytic cells such as polymorphonuclear leucocytes both ingest fibrin and release activator into fibrin, which always contains plasminogen.
A fragment of normal rabbit synovium that has rested on fibrin for a few hours at 37°C produces fibrinolysis. Activator has diffused out and converted the plasminogen in the fibrin to plasmin, which has digested the fibrin. A similar piece of synovium from the joints of rabbits that received nine injections of SLS produces no fibrinolysis.
Is it possible that SLS has depleted the activator from the lysosomes of surface cells prematurely, so that it is not available in sufficient concentration when the increased permeability allows fibrinogen and plasminogen to pass out of the blood vessels ? Weissmann et al. (1965) reported that the serum of rabbits that had received multiple injections of SLS contained an antibody which protected lysosomes, but my colleagues have not been able to confirm this (Cook & Fincham 1966) .
Exhaustion of activator or stabilization of lysosomes may contribute to this failure to remove fibrin; another factor may be a change in the fibrin itself.
Tissues contain fibrin stabilizing factor or Factor XIII, which in the presence of Ca++ brings about a further cross linkage of fibrin, rendering the fibrin insoluble in 2% acetic acid. Plasminogen activators diffuse readily into fresh soluble fibrin, fibrins, but very slowly into the insoluble fibrin, fibrini (Tyler & Lack 1965) . The synovia of goats and rabbits reacting to tubercle, to fibrin particles or to multiple SLS appear to release more fibrin-stabilizing factor than normal synovia; the accumulation of fibrin is coincident with the appearance of lymphocytes in the synovium, but whether they are related phenomena is still an open question.
Summary
It seems likely that the destruction of cartilage in suppurative arthritis may be due in part to lysosomat enzymes, and that the erosion of bone and cartilage by granulation tissue in rheumatoid arthritis may also be due to a seepage of hydrolases. In my opinion the latter is a local consequence of a reparative process, the organization of debris.
Fibrinoid and caseous deposits which characterize rheumatoid arthritis and tuberculosis suggest a failure of autolytic (? The idea of the liver lysosome as an intracellular particle containing a family of acid hydrolases bounded by a lipoprotein-rich membrane was conceived by de Duve and colleagues in 1955 using biochemical criteria (de Duve et al. 1955, see also de Duve 1959) . It was soon realized that if the limiting membrane were damaged in vivo, with subsequent leakage of the lysosomal enzymes out into the cytoplasm, then digestion of many important cellular components could occur. Such considerations led to the labelling of lysosomes as 'suicide bags' that, on rupture, could initiate cell injury and proceed to autolytic digestion.
In this paper the evidence that lysosomal rupture is involved in a primary and causal manner in various types of experimentally induced liver necrosis is considered. Other instances of liver disturbance, not primarily associated with the onset of necrosis, and yet where lysosomal changes are known to occur, are also mentioned.
As a first example some of our work on the induction of liver necrosis by the administration of toxic agents will be outlined (Slater & Green-. baum 1965 , Slater 1966b . Three hepatotoxins were used, carbon tetrachloride, thioacetamide and dimethylnitrosamine, each of which produces extensive centrilobular necrosis about eighteen hours after a single dose. On the other hand, many biochemical changes are known to occur within the first two hours after dosing with these toxic agents (Slater 1966a , Rees & Shotlander 1963 , Magee 1964 , Slater & Sawyer 1966 . Thus, if lysosomal rupture were the primary cause of the liver injury then equally early changes in the
